Abstract. Crizotinib is one of the molecularly-targeted agents targeted against anaplastic lymphoma kinase (ALK)-rearranged non-small-cell lung cancer (NSCLC). Although its effects appear to be promising, crizotinib may cause adverse effects in patients with ALK-rearranged NSCLC. Hepatic laboratory abnormalities are frequently observed with crizotinib and treatment discontinuation is occasionally required. We herein report the case of a 51-year-old woman diagnosed with relapsed ALK-rearranged NSCLC, who received crizotinib as second-line systemic chemotherapy. After 17 days of crizotinib therapy, the patient developed grade >3 hepatotoxicity. Treatment discontinuation improved the laboratory abnormalities and fifth-line oral desensitization with crizotinib achieved successful response without hepatotoxicity. Therefore, oral desensitization with crizotinib may be a viable option following crizotinib-induced hepatitis.
Introduction
Lung cancer is the leading cause of cancer-related mortality worldwide. Anaplastic lymphoma kinase (ALK) rearrangement mutation was observed in 3-5% of lung adenocarcinomas from patients in East Asia (1) . Crizotinib, which is the first agent against lung cancer with ALK rearrangement mutation, has been found to be superior to standard first-line cytotoxic chemotherapy in the first-line setting (2) . Crizotinib is occasionally associated with drug-induced hepatitis. In the present study, a case of successful oral desensitization with crizotinib following development of crizotinib_induced hepatitis is presented.
Case report
A 51-year-old Japanese woman with no history of smoking received crizotinib (250 mg twice daily) as second-line treatment for relapse of resected lung adenocarcinoma following progression while on first-line chemotherapy with carboplatin/pemetrexed. On day 2, crizotinib was discontinued due to abdominal pain, nausea and grade 3 diarrhea. The symptoms improved in 3 days and crizotinib was re-introduced at 250 mg once daily on day 7, with dexamethasone 3 mg daily for nausea. Although there was no abdominal pain or diarrhea, the patient developed fever and nausea on day 15. The serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels increased and crizotinib was again discontinued on day 16. The peak of AST was 437 IU/l on day 18 and that of ALT 1,096 IU/l on day 19 (Fig. 1) . The level of alkaline phosphatase did not increase, whereas γ-glutamyltransferase and total bilirubin increased to grade 2 toxicity levels. Hepatocellular injury was suspected and contrast-enhanced computed tomography and ultrasonography did not reveal other causes, whereas hepatitis A, B or C was excluded. The patient's serum tested negative for polymerase chain reaction of Epstein-Barr virus and cytomegalovirus. The symptoms and blood test abnormalities completely resolved without increase of steroids after 1 month.
After carboplatin/pemetrexed rechallenge as third-line treatment and docetaxel as fourth-line treatment, the disease progressed and the patient was started on crizotinib at 50 mg Successful oral desensitization with crizotinib after crizotinib-induced hepatitis in an anaplastic lymphoma kinase-rearranged non-small-cell lung cancer patient: A case report YUTO YASUDA daily, as there was no alternative treatment for lung cancer. The contents of crizotinib capsules were dissolved in sterile water and diluted to the desired concentrations. The patient was also administered 2 mg of betamethasone for nausea, as she developed brain metastasis and was treated with whole-brain radiotherapy. Crizotinib was gradually increased and grade 1 hepatotoxicity developed on day 12. Ursodeoxycholic acid and glycyrrhizic acid were started thereafter, and no hepatotoxicity was observed (Fig. 2) . All the metastatic lymph nodes shrank and the patient achieved partial response (Fig. 3) . There was disease progression after 5 months of treatment, and crizotinib was continued beyond progression. However, the treatment beyond progression did not improve her condition and the patient succumbed to respiratory failure with carcinomatous pleurisy.
Discussion
The detection of ALK rearrangement in non-small-cell lung cancer (NSCLC) prompted the development of ALK inhibitors. Crizotinib is the first inhibitor of ALK, ROS1 and MET.
Although there are several ALK inhibitors, one of which, alectinib, appears to be more efficacious and less toxic compared with crizotinib (3), crizotinib is not only an ALK inhibitor, but also acts against ROS1 (4). However, is important to establish a method of re-administration following the development of crizotinib-induced adverse effects. One of the most common adverse effects of crizotinib is hepatotoxicity. Grade 3-4 ALT elevations occur in ~15% of NSCLC patients with ALK rearrangement mutations (2, 5) . Three cases of crizotinib-induced hepatitis have been reported, all of which occurred within a few months after the introduction of crizotinib (6) (7) (8) . In one of those cases, rechallenge with half-dose crizotinib failed due to recurrence of hepatitis (6) . Similarly, in the present case, dose-independent hepatotoxicity suggested that the underlying mechanism was partly an allergic reaction to crizotinib or its metabolites; however, the precise mechanism underlying crizotinib-induced liver toxicity has not been fully elucidated. Although successful desensitization with crizotinib following crizotinib-induced urticarial rash was reported (9) , there was no report of desensitization to ALK inhibitors following drug-induced liver injury. In the present case, oral steroids were used together during oral desensitization, which may have contributed to the treatment success. However, common dose reduction with oral steroids following crizotinib-induced hepatitis did not improve the hepatitis; therefore, oral desensitization may be considered as a viable option following crizotinib-induced hepatitis. Drug-induced liver injury is generally associated with type 4 hypersensitivity reactions; the fact that crizotinib desensitization overcame hepatitis suggested the involvement of type 1 hypersensitivity.
Ceritinib and alectinib are also approved ALK inhibitors; however, since they were not approved at that time, crizotinib desensitization was attempted instead. A previous case report reported successful treatment with ceritinib following crizotinib-induced hepatitis (8) . Therefore, these novel ALK inhibitors may be additional options for the management of crizotinib-induced hepatitis.
While the progression-free survival (PFS) of crizotinib as first-line treatment is ~11 months, its PFS as second-line treatment is ~8 months (2, 5) . The PFS in the present case was shorter compared with these previously reported results. The later crizotinib is administered, or the lower its dose, the shorter the PFS. The efficacy of crizotinib is optimal at a dose of 250 mg twice daily. A recent study on crizotinib pharmacokinetics revealed that crizotinib at a starting dose appeared to be effective and tolerable, regardless of race, age, sex, hepatic function, or mild to moderate renal impairment (10) . Since the hepatitis in the present case was not dose-dependent, the crizotinib dose was increased to the greater extent possible. In conclusion, our case suggests that oral desensitization with crizotinib may be a viable alternative option in cases of crizotinib-induced hepatitis.
